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HOW NOT TO TREAT ILLINOIS SOILS1 
BY CYRIL G. HOPKINS, Chief in Agronomy and Chemistry 
That the soil responds generally and generously to good treatment 
is common ·knowledge, and that bad treatment of the soil leads ulti-
mately to impoverishment, land ruin, and farm abandonment is like-
wise an established fact. 
ABANDONED FARMS 
The United States Bureau of Census reports a decrease in the 
area of improved farm land during the last census decade (1900 to 
1910) of 224,747 acres in Old Virginia, 161,585 acres likewise agri-
culturally abandoned in Maryland, 173,706 ·acres in New Jersey, 535,-
664 acres in Pennsylvania, 755,947 acres in New York, and 879,499 
acres in New England. 
'The aggregate area of improved farm land agriculturally aban-
doned in New England, New York, New Jersey, and Pennsylvania 
fl'om 1880 to 1910 was 9,809,834 acres. The area of improved farm 
land which has thus been abandoned during the last generation in 
New England and three Middle Atlantic states exceeds the total land 
area of both Maryland and• Delaware; it is more than twice the area 
of New Jersey; it is greater than the combined area of Massachusetts, 
Rhode Island, and Connecticut; and more than one-third the total 
area of improved farm land in Illinois. 
It is said that a school boy, when asked to describe the ant, an-
swered that the ant is not like the elephant; and so, if I am to tell 
how not to treat Illnois soils, I feel like saying, not like the soils of 
our Eastern states have been treated. Show me productive land, and 
I will show a prosperous people; and conversely, an impoverished 
soil produces inevitable poverty among the masses, including not only 
the farmers but all industrial people whose business depends upon 
farm products. 
During the last census decade, the area o£ improved farm land in 
Illinois increased by 349,104 acres; but we are approaching the limit 
of the total possible acreage of land to be cropped in this state, and 
any future increase in Illinois crops must be largely along the line 
1Add:;:oess before the Illinois State Farmers' Institute at Harrisburg, Feb-
ruary 231 1915. . 
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of soil improvement and bigger acre-yields. Soil improvement re-
quires investment; and unless the farm yields an income above the 
living and other fixed expenses, the average farmer has no money to 
invest in soil improvement. 
CAUSE OF LAND ABANDONMENT 
The two primary causes for the .decrease in productive power and 
the final agricultural abandonment of vast areas ()f farm lands in our 
older states are lack of knowledge and lack of profit in farming as 
compared with industrial and commercial enterprises. To be sure, 
many have become wealthy by holding title to farm lands while they 
increased rapidly in value, even while they may have received as farm-
ers only a living and fixed expenses, with perhaps smaller wages for 
themselves than they paid their hired help. Of course even 3 percent 
interest on the value of 160 acres of $200 land, received free from 
the government three generations ago, may enable the present owner 
to accumulate enough in a few years to buy an automobile, tho his 
own labor income may be less than a dollar a day; but this does not 
justify the conclusion that' farming itself is a highly profitable busi-
ness. 
From 1890 to 1910 the population of Illinois increased from 3,826,-
352 to 5,638,529, but the towns and cities received more than 100 per-
cent of the total increase; while the real country population living 
outside of all cities, towns, and villages decreased from 1,630,960 to 
1,486,160. Thus, owing chiefly to the growth of cities during the 
twenty years, the country population decreased from 42.6 percent to 
26.4 percent of the total population of Illinois; and I repeat that this 
decrease of country population is largely due to lack of knowledge 
and lack of profit in farming as compared with industrial and com-
mercial enterprises. 
SouTHERN ILLINOIS LANDS 
Even the central Illinois farmer who has had only the privilege of 
helping to wear out rich land may not understand the problem, nor 
appreciate the difficulty and expense of building up poor land, nor 
realize the possibilities of changing the value of southern Illinois land 
from $40 to $200 an acre by th~ application of knowledge and the in-
vestment of moderate capital in soil improvement. 
It so happens that I have been in forty-eight different states, usu-
ally upon invitation to secure or to impart some information concern-
ing soils, soil problems, and rational methods of soil improvement. I 
have at least had opportunity to acquire a somewhat definite knowl-
edge of many soils in many states. During the past year I carefully 
examined many large areas of land, some of which have been almost 
constantly on the market for about two centuries; while some others 
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had been farmed for two centuries and then agriculturally a ban- · 
doned; and others are still being farmed and their owners are seek-
ing for information as to how to improve them. 
Now I feel that it is your right and my duty that I should state 
to the people here from northern and central Illinois, as well as to 
those from this end of the state, that in my judgment there is no bet-
ter opportunity in American agriculture for the investment of money 
and mind, of science and sense, of brain anq brawn, than in the farm 
lands of southern Illinois; and I should add that there are few better 
opportunities in the United States to lose money in agricultural in-
vestments than in the attempt to profit from continuing to wear out 
these same lands. 
If you are thinking of buying a southern Illinois farm and are ex-
pecting to make money out of it merely by cropping with good rota-
tion and cultivation, then you are planning for your own failure. I 
realize, of course, that there are northern farmers sufficiently ignorant 
of southern Illinois, or sufficiently rich in their own conceit, to think 
that if they could only put their hand to the plow they would make 
the southern Illinois prairie produce the same bountiful crops as the 
black corn-belt land produces. 
I know a landowner of central Illinois who bought a section of 
the common level upland in a county not far from Saline; and he 
imparted the secret that the only farm difficulty in southern Illinois 
was that the soil was ''water-logged,' ' and that all it needed to make 
it the equal of the $200 corn-belt land was tile-drainage. The fact 
that southern Illinois lands had been settled from the beginning by 
intelligent white people, many of whom had tried tile-drainage, at 
least in a small way, and had derived little or no benefit from it on 
the common upland, made no difference in the opinion of this man; 
and he took but little interest in the fact that long-continued careful 
investigations conducted by the State University on experiment fields 
in several counties of southern Illinois had not yet Dhown sufficient 
benefit from tile-drainage on the most common upland soil to pay 
interest on the money invested in the tiling. 
A good corn-belt farmer once said to me that all the southern Illi-
nois land needs is to grow clover, and thus, as he expressed it, ''get 
the yellow color out of the soil.'' Another northern man who . held 
the same opinion bought a farm of common upland in southern Illi-
nois, and actually seeded clover and lost it for twelve successive years 
before he became convinced that he had something to learn about 
growing clover in this end of the state. 
CoMMON CoMMERCIAL FERTILIZERS 
If you are trying to enrich your soil by applying 100 to 200 
pounds per acre · of ordinary commercial fertilizer, then I would re-
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mind you that you may deceive yourself, for a time, but you cannot 
deceive the soil. Don 't try to teach a cow how to produce milk on 
quarter rations; she may die before she learns the secret. 
A boy found a drunkard lying on the sidewalk, and he called thru 
the saloon door to the barkeeper that his sign had fallen down. Thru 
lack of fundamental knowledge, the general farmer of the East has 
been led to depend upon mixed commercial fertilizers, and ten million 
.acres once classed as improved farm land but now agriculturally aban-
doned represent the sign for Illinois farmers to look upon before 
adopting the fertilizer system now so extensively advertised in the 
l\1:iddle West. The commercial fertilizer interests, especially Eastern 
fertilizer manufacturers, after having sucked the life-blood out of 
Eastern agriculture, now seek new worlds to conquer, attracted by the 
agricultural earnings of the corn belt. , 
FERTILIZERS AND CROPS IN NEW E N GLAND 
The fertilizer advocates boast that New England produces larger 
acre-yields of certain cereal crops, such as corn and wheat, than are 
produced in Illinois ; but they ignore the fact -that 44.8 percent of 
what was improved farm land thirty years ago has been agricul-
turally abandoned in New England under the fertilizer system. r.rhe 
fact is that the area devoted to cereal crops in New England de-
creased from 746,128 acres to only 468,617 acres d].lring the last thirty 
years. If the production of cereal crops with commercial fertilizers 
is profitable in New England, then why has New England reduced her 
area of cereals to less than half a million acres and agriculturally 
abandoned 5,893,562 acres of improved farm land ~ If wheat can be 
grown with profit by use of mixed fertilizers in New England, then 
why has the New. England wheat acreage decreased from 79,003 acres 
to only 4,893 acres in thirty years 1 
In New England the area of abandoned land is more than twelve 
times the acreage of all cereal crops grown. Why does not the Boston 
fertilizer manufacturer restore these abandoned lands and thus multi-
ply the cereal production in New England by twelve, instead of per-
mitting this enormous shrinkage at his own door while he sends broad-
cast into the Middle W est misleading advertising and thousands of 
copies of letters to agricultural editors, to farmers' institute lectur-
ers, to agricultural college teachers, to experiment station workers, 
to county agricultural advisers, and others, in the endeavor to secure 
their influence to persuade our farmers to use these same fertilizers in 
general farming~ 
Listen,....:_the decrease in area of improved farm land in New Eng-
la:q.d since 1880 is equal in acreage to the ten largest counties in Illi-
nois; but listen,-there are five counties in Illinois any one of which 
produces more bushels of cereal crops than the combined total cereals 
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of the six New England states. These facts are from the latest re-
ports of the United States Bureau of Census. 
The truth is that the corn and wheat of New England are com-
monly grown in small patches in market gardens or in feed lots con-
nected wit4 commercial dairies. The 1910 census reports 186,958 as 
the total acreage of corn and wheat in New England, while 388,841 
acres were used for vegetables, including potatoes. In other words, 
the market-garden crops occupied twice as much land as corn and .. 
wheat, which are grown more or less after potatoes or other vegetables 
in order to provide a rotation of crops. The vegetable crops have, of 
course, high acre-values, and mixed fertilizers are used with profit for 
such crops; and. furthermore, such use of commercial fertilizers is and 
always has been approved and recommended by this station and by 
practically everybody, wherever the supply of farm manure is limited. 
But to teach that mixed fertilizers should be used for the growing 
of corn in Illinois because of the -acre-yields produced on highly fer-
tilized market-garden land when corn happens to be used in the rota-
tion, in part to give opportunity to clean the land of weeds by thoro 
cultivation of the corn, is an attempt to deceive and mislead the I1li-
nois corn grower; and I repeat that in general farming we should not 
treat Illinois soils as most of the soils have been treated in the older 
Eastern states. 
FERTILIZER ExPERIENCE AND ExPERIMENTS 
Just now the "Try-a-Bag" propaganda is under way, and strenu-
ous efforts are beip.g made by the fertilizer ·interests to get the corn-
belt farmers at least to "try a bag. " This calls to mind that we are 
commonly urged to "try a package" of patent stockfood, and to "try 
a bottle" of patent medicine; and it all remip.ds us that experience is 
a dear teacher. Many trials of mixed commercial fertilizers have al-
ready been made in the Middle West states. Thus, the Indiana Agri-
cultural E'xperiment Station conducted seventy-three cooperative 
trials with such fertilizers, extending into thirty-eight different coun-
ties in that state. The average result shows 13 cents as the farmer's 
profit from each dollar paid for mixed complete fertilizers; and of 
course the soil grows poorer, because the crops harvested removed 
much more plant food than the fertilizers supplied. 
The Ohio Experiment Station has for many years conducted fer-
tilizer experiments at Wooster with a five-year rotation of corn, oats, 
wheat, clover, and timothy, five different fields or series of plots being 
used, so that every crop might be r epresented every year. As alf aver-
age of eighteen years' work, an investment of $3.96 per acre per an-
num in complete fertilizers paid a net profit of $2.61,_..:.and these re-
sults have been widely advertised and their application strongly urged 
upon the farmers of the corn belt by the National Fert11izer Associa-
tion; whereas, in the same series of Ohio experiments, 52 cents an acre 
a year invested in phosphorus alone paid a net profit of $2.79,-and 
this result, even tho reported on the same page of the same Ohio pub-
lication, 1 :was carefully ignored by the fertilizer advertisers. Why 
spend $3.96 for complete fertilizer when 52 cents worth of phosphorus 
brings greater net profits per acre? · 
In the Breeder's Gazette of January 21, 1915, the "Try-a-Bag" 
propaganda of the manufacturers o:f mixed commercial fertilizers is 
discussed, and the following conclusions are there presented: 
"We urge no man who has not satisfied himself as to commercial fertilizers 
to spend a large sum of money in their purchase this spring or at any other 
time; but the 'Try-a-Bag' proposal of the manufacturers can not be fairly 
criticised. Their proposition to 'put in a dollar and take out three' can be 
tried out at trifling cost. They propose to make the way easy this spring 
for all who wish to give these goods a trial. A bag or t wo can do no harm, 
and may lead somebody into more profitable ways. It looks like an experiment 
well worth while.'' 
This is very plausible and very falacious doctrine. Many farm-
ers onr.e tried land-plaster as a fertilizer. It produced sufficient in-
crease to more than pay the cost, and so they continued to use it until 
they discovered after ten or twenty years that what they had counted 
as profit was really drawn from their own capital. Their increased 
yields had been made by robbing their own soil by means of a stimu-
lant. 
At the famous Rothamsted Experiment Station, Lawes and Gil-
bert demonstrated more than fifty years ago that sodium salt had 
power to increase the yield of wheat by 5 bushels per acre. Here, 
too, the effect is not at all to enrich the soil, but . to produce larger 
crops temporarily by more rapid soil depletion; for sodium does not 
feed the crop, but only forces the soil. 
In 1902 the University of Illinois began a series of field experi-
ments in McLean county on the common corn-belt prairie land, whose 
chemical analysis showed less than 1200 pounds of phosphorus and 
more than 35,000 pounds of potassium in the plowed soil of an acre. 
The first year phosphorus alone produced 6.8 bushels increase in the 
corn crop, while phosphorus and potassium together gave 15.4 bush-
els increase. Thus the actual field trial showed the ''bone and potash'' 
mixture to be more than twice as effective as phosphorus alone, and 
except for the chemical analysis, these results would deceive the ex-
perimenter as well as the farmer. During the first ten years, however, 
phosphorus increased the value of crops grown on this field by $76.50 
per acre, while potash applied at the same expense produced a total 
increase of only 86 cents, its effect having sometimes been detrimental 
after the earlier stimulating action. Thus, results in continued farm-
10hio Agr. Exp. Sta. Circ. 120. For further discussion see Illinois Experi-
ment Station Circular 165. 
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ing by rational methods soon showed that the first year's trial was 
very misleading ; and, as already explained, the farmer can easily de-
ceive himself for some years if he depends upon his own trial of some-
body's fertilizer. A hundred other trustworthy investigations could 
be cited to show the danger of putting into use what may seem to be 
a good fertilizer from the "try-a-bag" farmers' experiment. 
VALUE OF PRINCIPLES IN PRACTICE 
As a principle, it is best to diagnose the case before trying a rem-
edy. There are medicines that seem to do good for a time, but as an 
"after effect" they leave the patient worse instead of better, the tem-
porary strength being secured at the expense of his own vitality. I 
beg to suggest also another principle that deserves consideration ; 
namely, that it is not sufficient merely to prove that an investment is 
profitable. As already stated, the farmer's funds for investment in 
soil improvement are usually limited; and .he should be satisfied that 
the investment is not only profitable but that it is the most profitable, 
and that it does not impair but protects his capital, which means the 
permanent productive power of his land. 
The Illinois Experiment Station has analyzed many thousands of 
soil samples collected from all of the more extensive soil types in the 
state by men of special training in this work; and forty experiment 
fields are being conducted in various parts of the state. Thousands 
of the most progressive farmers of Illinois are already applying the 
definite information thus secured in the practical and permanent im-
provement of their soils. In other words, they are placing their farm 
practice upon a truly practical scientific basis, with a satisfying knowl-
edge of the facts and the principles involved. 
In the older eastern states the "try-a-bag" system has largely 
prevailed for ·forty years; and ten million acres of agriculturally 
abandoned land, in ten states certainly does not indicate that the ' ' t ry-
a-bag" plan is likely to solve the soil problems of the corn belt . 
In the Middle West, not only in Illinois, but also in Wisconsin 
and in many other states, especially those west of the Mississippi, 
both the farmers and the agricultural press are rightly depending 
upon their experiment stations-their own public-service institu-
tions-to investigate the needs of the soil, in order that agricultural 
practice may be established upon a permanent and practical basis; 
and because of the positive information already secured with regard 
to the normal soils of the Middle West, the Breeder's Gazette and 
other leading farm journals consistently advocate the use of ground 
limestone, phosphorus, legume crops, and farm manure, with under-
drainage where practicable. 
The common so-called ''complete'' commercial fertilizers contain 
a small amount of each of the three elements, nitrogen, phosphorus, 
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and potassium, sometimes incorrectly reported as ammonia, '' phos-
phoric acid,'' and potash. ·Two hundred pounds of such a fertilizer 
applied to an acre at a cost of $2 to $3 would furnish less than 4 
pounds of nitrogen, 8 pounds of phosphorus, and 4 pounds of potas-
sium; whereas a 50-bushel crop of corn would remove from the soil 
75 pounds of nitrogen, 12 pounds of phosphorus, and 36 pounds of 
potassium. A farm system based upon such practice must lead ulti-
mately to the impoverishment of the soil. 
LONG-TIME FERTILIZER EXPERIMENTS 
Attempts to produce the ordinary farm crops by supplying com-
mercial nitrogen, phosphorus, and potassium in approximately the 
proportions required by the crops, have resulted in distinct loss for 
nitrogen and potassium but with large profit for phosphorus on soils 
of normal composition. 
Thus the Ohio and Pennsylvania Experiment Stations have re-
ported long-continued investigations with the use of these different 
elements, singly and in combination. 
Let us consider in some detail the Ohio experiments, which have 
now covered twenty years at Wooster and nineteen years at Strongs-
ville, as shown in the latest published report, Ohio Experiment Sta-
tion Circular No. 144, dated April, 1914. 
In this circular (pages 79 and 97) Director Thorne reports that, 
as an average of twenty years at Wooster, $2.60 invested in phos-
phorus paid the cost and a net profit of $13~92 in increased yields of 
corn, oats, wheat, clover, and timothy; while, as an average of nine-
teen years at Strongsville, $2.60 invested in phosphorus paid its cost 
and a net profit of $14.88. Thus, $2.60 in phosphorus has returned a 
net profit of $14.40, as a general average of these long-time experi-
ments on two Ohio Experiment Station farms selected and operated 
for many years for the benefit of Ohio agriculture. 
On the same pages, Director Thorne reports that $14.40 invested 
in nitrogen (applied in addition to the phosphorus) paid 42 cents 
above its cost at Wooster and $10.40 less than its cost at Strongsville, 
making an average net loss of $4.99. 
Again, Director Thorne reports on these same pages that $6.50 in-
vested in potash (applied in addition to the phosphorus and nitrogen) 
paid $1.44 above its cost at Wooster and $4.27 less than its cost at 
Strongsville, maki~g an average net loss of $1.41. 
As a general average of these Ohio data, for each dollar invested 
in the respective elements, phosphorus paid back $6.54, nitrogen (in 
addition to phosphorus) paid back 65 cents, and potassium (applied 
in addition to both phosphorus and nitrogen) paid back 78 cents. 
Each of. these figures represents the gross returns for a dollar in-
vested., and each is based upon the average results from nearly two 
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hundred harvested crops. The 35 percent loss fm: nitrogen and 22 
percent for potassium represent average net losses.' 
I have seen no recent detailed report of the long-continued Penn-
sylvania .experiments at State College, but I do have the complete 
data for the, twenty-four years from 1885 to 1908. If we follow one 
method used by the Pennsylvania Station in computing the increase,-
the same method as is used by Director Thorne of Ohio, as well as by 
myself,-and count 12 cents a pound for phosphorus (about 5 cents 
for so-called "phosphoric acid"), 6 cents a pound for potassium 
(about 5 cents for potash), and 15 cents a pound for nitrogen (about 
12 cents for ammonia); and then value the crops, standing in the 
field ready for harvest, at 50 cents a bushel for corn, 43 cents for 
oats, $1 for wheat, and $8.60 a ton for hay (mixed clover and tim-
othy), we find, as an average of 96 crop yields (each of the above-
named crops in a four-year rotation for twenty-four years), that, for 
every dollar invested in the respective elements, phosphorus paid back 
$3.44, nitrogen (in addition to .phosphorus) paid back $1.01, and 
potassium (applied in addition to both phosphorus and nitrogen) 
paid back 6 cents (average of Plots 9 and 17). 
Thus, as a general average of these results from two states, we 
have a gross return of 83 cents for nitrogen and 42 cents for potas-
sium for each dollar spent for these elements under the conditions 
specified, while each dollar spent for phosphorus paid back $4.99. 
On page 91 of Ohio Circular 144, Director Thorne reports results 
from soil experiments at Wooster covering seventeen years with a 
three-year rotation of corn, wheat, and clover (excluding the corn 
crop of 1909). He shows that 80 pounds of acid phosphate, 80 pounds 
of muriate of potash, and 160 pounds of nitrate of soda, costing $7.45, 
paid back $10.71 gross; but that when the phosphorus was increased 
and the potassium and nitrogen reduced, by the use of 80 pounds of 
acid phosphate, 10 pounds of muriate of potash, and 100 pounds of 
7-30 t3Jlkage, the cost was reduced to $2.30, but the gross returns 
were increased to $11.21. Whether the ·crop returns would have been 
rendered still more profitable by ~urther increasing the phosphorus 
and by eliminating the remaining 4 pounds of potassium and 6 pounds 
of nitrogen per acre (applied once in three years) is not fully estab-
lished; but Director Thorne reports that $2.24 invested in 320 pounds 
of acid phosphate, applied in addition to farm manure in this same 
series of experiments, produced an average increase of $15.04, and that 
the same amount of acid phosphate when used by itself in the five-year-
rotation experiments at Wooster increased the crop value by $16.52. 
These are not my computations, but those of the Ohio -Experiment 
Station, as may easily be verified. They are surely convincing as to 
the value of phosphorus, but they afford no such support for the con-
tention that at least a little nitrogen and a little potash should be 
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purchased and applied with the phosphorus for the production of 
staple farm crops on the normal soils of Pennsylvania, Ohio, and the 
Middle West. 
While there are some trials, as mentioned above, in which nitrogen 
and potash seem to have paid their cost and some int~rest on the in-
vestment, yet when full consideration is given to these long-time ex-
periments at State College, Wooster, and Strongsville, they clearly 
do not show the greatest profit when commercial nitrogen and potash 
are included in the fertilizer. 
Thus, on Plot 11 at Wooster $20.90 spent for nitrogen and potash 
paid back $1.86 above .the original cost for the five-year rotation, but 
6 percent interest on $20.90 for half of fiv.e years would amount to 
$3.13. Moreover, for· sixteen years Plot 27 received the same com-
plete fertilizer as Plot 11, unless we count that acid phosphate made 
from bone black (used on Plot 27) is essentially different from that 
made from rock phosphate. As an average of the sixteen years, the net 
profits reported by Director Thorne. in Ohio Circular 104 were $13.88 
from $2.60 in phosphorus alone, $15.83 from $23.50 in complete fer-
tilizer on Plot 11, and $10.34 from $23.50 in the complete fertilizer 
on Plot 27 ; thus giving an average net profit of $13.09 from $23.50 
in the complete fertilizer, compared with a net profit of $13.88 from 
$2.60 in phosphcrus alone. 
Of course we must not draw conclusions from Plot 11 and ignore 
Plot 27 in the same series of experiments, nor should we emphasize 
results from Wooster and ·ignore those from Strongsville, all reported 
by Director Thorne in the same publication (Ohio Circular 144). 
R ATIONAL SOIL IMPROVEMENT 
On abnormal soils, such as the peaty swamp lands of the North 
Central states and the sandy soils of the Atlantic and Gulf Coastal 
Plains, potassium should be regularly supplied in systems or soil im-
provement. In Illinois a very large part of the commercial potassium 
used is for the improvement of peaty swamp lands, following the con-
clusive information secured by the Illinois Experiment Station dur-
ing the past dozen years. (See Bulletin 157.) 
The facts are that the air contains an inexhaustible supply of 
nitrogen, and the normal soil contains an inexhaustible supply of 
potassium,-from 25,000 to 50,000 pounds in the plowed soil of an 
acre of the common soils of Illinois, the only exceptions found being 
the peaty swamp lands and some limited areas of residual sand. Thus 
the problem with nitrogen is to get it from the air by means of legume 
crops; and the problem with potassium is to liberate it as needed from 
the soil by means of decaying organic matter, such as crop residues 
and farm manure. 
As a rule, limestone must be purchased and applied, because most 
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. Illinois soils are acid, or sour, and the most valuable legume crops will 
not thrive on sour soils. As a common rule, also, ·Illinois soils are 
poor in phosphorus; and hence most upland soil should be liberally 
enriched in phosphorus, altho this is not necessary on the rolling hill 
lands where suffici,ent erosion is sure to occur so that the subsoil re-
news the surface supply. 
Thus the golden tripod for the man who farms with both head and 
hand, on normal soil, is not the commercial nitrogen, ''phosphoric 
acid,'' and potash, of the f ertilizer sack, but ground natural limestone, 
legume crops grown upon the farm, and some form or phosphorus, the 
fine-ground natural rock phosphate probably being most practical in 
permanent economic systems. Kainit is sometimes helpful at least tem-
porarily, but it is not essential and is not likely to be profitable when 
sufficient limestone and organic matter are provided. 
SOIL ExPERIMENTS IN SouTHERN I;LLINOIS 
I wish now to call attention to the complete data thus far secured 
from the soil experiment fields which have been conducted by the 
University of Illinois for the past five years at Ewing, Franklin 
county, on the ordinary prairie land, and at Raleigh, Saline county, 
on the common upland timber soil of southern Illinois. 
It should be kept in mind in connection with these results, first 1 
that the wheat crop of 1912 was commonly a failure in this state, and 
that the drouths of 1913 and 1914 were perhaps the most severe ever 
known in two consecutive years in southern Illinois; and second, that 
even slight variations in the topography, drainage, and -quality of 
land., combined with possible irregular injuries from rodents, insects, 
plant diseases, et cetera, may produce local or temporary differences· 
in crop yields, and hence that no conclusions should be drawn from 
field experiments until the results are fully verified. 
At the beginning of these experiments, ground limestone (L) was 
applied at the rate of 5 tons per acre at Ewing and 6 tons per acre at 
Raleigh, but the regular subsequent applications will be 2 tons per 
acre every four years, beginning in 1915 at Ewing and in 1917 at 
Raleigh. · -
Rock phosphate (P) was applied at rates varying from 500 to 2000 
pounds per ac.re on the different series at the beginning, with subse-
qu~nt applications of 2000 pounds every four years, altho this may 
ultimately be reduced to one-fourth of this amount. 
The kainit (K) was applied at the beginning at rates varying from 
200 to 800 pounds per acre on the different series, with subsequent : 
applications of 800 pounds every four years. 
Farm manU:re (M) has been applied, beginning for 1911, in such 
amounts as could be produced from the crops grown the previous sea-
son. 
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The crop residues (R) returned to certain plots consist of corn 
stalks, the straw of -wheat and oats, and of cowpeas or soybeans, all 
clover except the seed, and some cover crops. 
The limestone to some extent, and the phosphate to a large extent, 
should be considered as additions to the cost or va1ue of the land. 
Thus, 6 tons of limestone costing $12 spread on the land and 1 ton of 
phosphate costing $8 would add $20 an acre to the cost of the land. 
To pay interest on these investments and on the additional applica-
tions for maintenance would require per acre per annum about $1.25 
for limestone and .$1 for phosphate, while the annual expense for 200 
pounds of kainit at $15 per ton would amount to $1.50 per acre; or, 
as the annu~l expense for the four crops (1 acre each) we may count 
$5 for limestone, $4 for phosphate, and $6 for kainit, understanding 
that these amounts will vary with freight rates, with the distance of 
the farm from the .railway station, and with changes in prices. 
In the tabular statements presented (Tables 1 to 10), the prices 
allowed for the increase produced are 70 cents and $1 a bushel for 
wheat, 35 and 50 cents for corn, 28 and 40 cents f~r oats, 70 cents 
and $1 for cowpeas or soybeans, $7 and $10 for clover seed, and $7 
and $10 a ton for hay. Of course the lower values are very conserva-
tive prices, and perhaps tb.ey are too low-some would advise that 
they be doubled; but it should be stated that they are prices for crops 
standing in the field before harvest, and that higher prices would have 
to be secured to pay for harvesting, stacking, baling, threshing, stor-
ing, and marketing, and for possible losses. The treatment applied to 
the soil does not deliver the increased produce at the market, but only 
ready for the harvest. The double system of computing values is used 
to emphasize the influence that may be exerted upon farm practice by 
the prices -;received for farm produce. 
The ten tabular statements show all the yields secured during the 
five years, and give the financial results of twenty trials with lime-
stone, twenty with phosphate, and ten with kainit, each trial repre-
senting a 'season's record with four crops. 
On th~_~:basis of the lower values named, the limestone failed to pay 
its annu~l cost the first year in the residue system and during the 
first two seasons in the live-stock system of farming, on the field at 
Ewing; but in the other seventeen trials it always paid a profit; and, 
as an average of the twenty trials, limestone estimated to cost $5 a 
year has returned $12.69 in the increased yield of four crops. O.r, if 
we count $2 a ton as the cost of the limestone spread on the land, then 
the average initial expense for Ewing and Raleigh is $11 per acre, 
while the return for the first five years is $15.86,-and it is safe to 
say that half the value of the limestone still remains in the soil for 
the benefit of future crops. 
In only three cases out of twenty has the phosphate paid its esti-
mated annual cost of $4 for four acres, but the average annual re-
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turn of $1.03 for the first three years and $2.54 for the last two are 
suggestive of progress. These results only confirm those of many 
other experiments, which have led me always to counsel against the 
use of raw phosphate except in connection with plenty of decaying 
organic matter. The E xperiment Station constantly advises southern 
Illinois farmers first to make liberal· use of limestone, legume crops, 
and organic manure, even tho they delay the addition of phosphorus 
for several years. - · 
In three cases out of ten the kainit has paid its annual cost of $6, 
TABLE 1.-CROP YIELDS IN SOIL EXPERIMENTS, EWING FIELD, 1910 
GRAY SILT LOAM ON TIGHT CLAY (PRAIRIE SOIL) 
(Yields per acre) 
Series I 100 200 300 400 
, Value of four Value for each 
addition .crops 
-- --
Plot Treat- Wheat, Cowpeas, Oats, Corn, Lower I Higher Lower Higher 
No. ment bu. tons bu. bu. prices prices prices prices 
------- --- -
1 0 10.4 .89 37.1 30.8 $34.68 $49.54 
2 *M 14.2 .97 43 .1 35.1 41.08 58.69 
3 *ML 9.9 1.05 42.6 36.4 38.95 55.64 L -$2.13 -$3.05 
4 *MLP 8.0 1.19 45.3 40.4 40.75 58.22 p l.SO 2.58 
-5- -0-- - -- -i~ 32.8 37.3 34.13 - - --------6.8 48.77 
6 *R 8.6 Turned 37.8 38.4 30.04 42.92 
7 *RL 8.5 TurneJ. 39.2 51.7 35.02 50.03 L 4.98 7.11 
8 *RLP 10.7 Turned 35.6 50.7 35.20 50.29 p .18 .26 
- 9- *RLPK 17.9 Turned 36.7 47.6 39.47 56.38 - 427 ~ K 
10 0 9.7 .87 44.2 43.6 40.52 57.88 
*No manure or crop residues for 1910. 
T ABLE 2.--CROP YIELDS IN SOIL EXPERIMENTS, EWING FIELD, 1911 
GRAY SILT LOAM ON TIGHT CLAY (PRAIRIE SOIL) 
(Yields per acre) 
Series *100 200 300 400 Value of four Value for each 
_____ 
1 
______ 
1
____ __ crops _ addition 
Plot Treat- Corn, Wheat, Cowpeas, Oats, Lower Higher Lower Hif?her 
No. ment ~ ~ tons(bu.) ~ prices prices _ pnces pnces 
1 0 16.2 10.7 .25 17.7 $19.88 $28.38 
2 *M 26.8 12.8 .23 29.2 28.12 40.18 M $3.71 $5.30 
3 *ML 27.5 17.3 .34 31.3 32.88 46.97 L 4.76 6.79 
4 *MLP 30.2 23.8 .38 32.0 38.85 55.50 P 5.97 8.53 5 -o--12T 11.9 1_(_1_.6_)_ 1_2_3-.9- 20.59 29.41 - --- - - -
6 R 13.2 9.9 (1.2) 21.8 18.49 26.42 R -2.10 -2.99 
7 1 RL 23.0 20.5 (2.4) 42.7 36.03 51.48 L 17.54 25.06 
8 RLP 20.8 23.7 (3.2) 36.7 36.39 51.98 P .36 .50 
-9- RLPK 26.() 28.1 (4.0) 42.8 43.55 62.22 K~~10.24 
10 0 15.8 #12.0 (1.3) ~3.9 21.53 30.76 
*Manure on Series 100 only. 
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but the average annual return of $3.85 for the first three years and of 
$3.74 for the last two suggest a decreasing effect, as would be expected 
from rational systems with increasing use of organic manures pro-
duced upon the farm. It may be noted, however, that the effect of 
kainit shows a decrease only on the timber soil, at Raleigh, while at 
Ewing, on the prairie land, kainit has paid its estimated annual cost 
and still shows increasing benefit. 
If we compute the value of the increase in crops at the present 
market prices, both the phosphate and the kainit would show profit 
TABLE 3.-CROP YIELDS IN SOIL EXPERIMENTS, EWING FIELD, 1912 
GRAY SILT LOAM ON TIGHT CLAY (PRAIRIE SOIL) 
(Yields per acre) 
Series *100 *200 300 400 Value of four 1 Value for each 
C'ops I addition 
------
Plot I Treat- Oats, Corn, Wheat, Cowpeas, Lower Higher Lower Hi~her 
No. ment bu. bu. bu. tons prices prices pnces pnces 
- - ---
----
-- $26.55 i- ------1 0 12.0 24.7 1.8 .76 $18.59 
2 *M 19.1 39.8 2.3 .66 25.50 36.441 M $7.27 $10.39 3 *ML 28.3 52.1 4.9 1.26 38.40 54.87 L 12.90 18.43 
4 *MLP 34.4 50.7 3.0 1.38 39.13 
. 55.91 ~ .73 1.04 
- 5- -0-- 14.4 30.7 .8 .90 21.63 I 30.91 6 R 16.4 33.1 .8 Turned 16.73 23.91 R -4.90 -7.00 
7 RL 30.8 48.3 4.3 Turned 28.53 I 40.77 L 11.80 16.86 
8 RLP 33.4 45.0 3.2 Turned 27.34 39.06 p -1.19 -1.71 
-9- RLPK 37.2 51.5 4.3 Turned 31.45 i 44.93 K 4.11 4.87/ 10 0 11.4 31.7 2.8 No wt. 16.24 23.21 
*Manure on Series 200 for 1912. 
TABLE 4.-CROP YIELDS IN SOIL EXPERIMENTS, EWING FIELD, 1913 
. GRAY SILT LOAM ON TIGHT CLAY (PRAIRIE SOIL) 
(Yields p~r. acre) 
Series *100 *200 *300 400 Value of four Value for each 
addition. crops 
--.- ---
Plot Treat- Clover, Oats, Corn, Wheat, Lower Higher Lower Hi~her 
No. ment tons (bu.) bu. bu. bu. prices prices pnces pnces 
-- --- --
--- -
1 0 .20 1.7 6.0 .8 $4.53 $6.48 
2 *M .24 3.9 10.3 .8 6.93 9.91 M $2.40 $3.43 
3 *ML .40 7.3 20.8 11.8 20.38 29.12 L 13.45 19.21 
4 ·*MLP .81 6.9 23.9 11.3 23.88 34.11 p 3.50 4.99 
-5- 5]3--.9-~ - --- ---0 .19 .6 ~ 
6 R (.00) 2.5 6.2 1.1 S.64 5.20 R - .45 - .64 
7 RL (.50) 8.4 22.5 16.0 24.92 35.61 L 21.28 30.41 
8 RLP (1.08) 9.2 21.8 14.9 28.20 40.28 p 3.28 4.67 
-9- RLPK (.75) 12.5 26.8 27.2 37.17 53.10 K 8']7 12.82 
10 0 .31 3.3 6.1 2.5 6.98 9.9~ 
*Manure on Series 300 f or 1913, ~~ ::1 i ~ • I'· .. • • ' 
1'1 
during the later years of the experiments, but this would require the 
farmer to work for about as low wages in the improvement of his soil 
as he usually receives in the practice of soil depletion. 
As an average of both fields for the last four years, the value of 
the increase from four acres has been $3.84 from farm ma~ure, $14.41 
from residues and limestone, and $17.52 from manure and limestone. 
To these amounts the phosphate has added $2 with the residues· and 
$1.81 with the manure. The kainit (used only in the residue system) 
has made a further increase of $3.97. 
T ABLE 5.-CROP YIELDS IN SOIL EXPERIMENTS, EWING FIELD, 1914 
GRAY SILT LOAM ON TIGHT CLAY (PRAIRIE SOIL) 
(Yields ·per acre) 
Series ~I 200 300 400 Value of four Value for each addition 
Plot 
No. 
-
1 
2 
3 
4 
-5-
6 
7 
8 
9 
10 
crops 
----
Treat- Wheat, Soybeans, Oats, Corn, Lower Hi~her Lower Higher 
meni bu. tons (bu.) bu. bu. pnces pnces prices prices 
- --
-- - -
-
0 1.7 .27 3.0 4.3 $5.42 $7.75 
M 3.4 .23 3.4 4.5 6.51 9.31 M $1.09 $1.56 
ML 16.2 .47 5.6 7.6 18.86 26.94 L 12.35 17.63 
MLP 22.5 .53 6.4 6.3 23.46 33.51 p 4.60 6.57 
-0--
--.9- (2.0) 1.4 3.5 ~ ~ - ------
R .8 (2.3) 3.3 2.7 4.03 5.77 R .39 .56 
RL 12.8 ( 4.0) 5.9 3.1 14.50 20.71 L 10.47 14.94 
RLP 17.6 ( 4.0) 5.3 3.6 p.86 25.52 p 3.36 4.81 
RLPK 25.8 ( 4.2) ~ 6.4 25.09 35.84 K 723 10.32 
0 1.2 (2.0) 1.4 2.7 3.58 5.11 
T ABLE 6.-CROP YIELDS IN SOIL EXPERIMENTS, RALEIGH FIELD, 1910 
YELLOW-GRAY SILT LOAM (TIMBER SOIL) 
(Yields per acre) 
Series 100 200 300 1~ Value of four Value for each crops . addition 
--
Plot Treat- Wheat, Cowpeas, Oats, I Corn, Lower Higher Lower Higher 
No. ment bu. tons bu. bu. ·prices prices _ Eices prices 
-------
1 0 9.5 .86 18.1 24.1 $26.17 $37.39 
2 *M 6.9 .75 17.3 18.1 21.26 30.37 
3 *ML 9.8 1.38 26.8 40.1 38.06 54.37 L $16.80 $24.00 
4 *MLP 11.6 1.35 26.0 37.4 37.94 54.20 1~ - .12 - .17 
-5- -0-- 7.3 .74 15.0 24.9 23.20 33.15 
6 *R 9.0 Turned 20.9 31.1 23.03 32.91 
7 *R:L 11.0 Turned 25.1 42.8 29.70 42.44 L 6.67 9.53 
8 *RLP 10.7 Turned 25.1 44.5 30.09 42.99 p .39 .55 
-9-
*RLPK 12.7- - T-urned-- 29.3 43.0 32.14 45.92 k -~ ~ 
10 0 5.7 1.09 22.9 26.8 27.41 39.16 
*No manure or crop residues for 1910. 
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To summarize more briefly, the average annual returns of the last 
four years from four acres with crops grown in rotation on untreated 
land were $15.19 (or $21.70 with the higher values) ; the value of the 
increase from manure, limestone, and phosphate was $19.33 (or 
$27.61); while $20.38 (or $29.11) was the value of the increase from 
the residues, limestone, phosphate, and kainit, altho the crop residues 
alone gave insufficient increase to balance the extra crops harvested 
from the check plot. (So far as practical, the crop residues are left 
on the land so as to avoid hauling them off and back.) 
TABLE 7.-CROP YIELDS IN SOIL EXPERIMENTS, RALEIGH FIELD, 1911 
.YELLOW-GRAY SILT LOAM (TIMBER SOIL) 
(Yields per acre) 
Series *100 200 300 400 Value of four Value for each crops addition 
--
- --
Plot Treat- Corn, Wheat, Clover,· Oats, Lower Higher Lower Hi~her 
No. ment bu. bu. tons bu. prices prices pnces pnces 
--------- --- - - - -
1 0 28.0 12.1 .44 25.6 $28.51 $40.74 
2 *M 41.0 12.7 
.43 119.2 31.62 45.18 M $4.55 $6.50 3 *ML 45.8 17.5 .61 38.0 43.19 61.70 L 11.57 16.52 
4 *MLP 46.7 1~.0 .68 35.5 44.34 63.35 p 1.15 1.65 
-5 -0-- 24.9 ~ 231rr- 22.12 3l.6T 
6 R 24.4 12.3 Turned 24.1 23.90 34.14 R 1.78 2.53 
7 RL 36.8 19.9 Turned. 38.6 37.61 53.74 L 13.71 19.60 
8 RLP 31.1 22.7 Turned 35.3 36.66 52.37 p - .95 -1.37 
-9- RLPK 39.5 22.8 Turned 32":8 38.97 55.67 - ~ --a.30 K 
10 0 17.8 14.7 No ""t. 25.0 23.52 33.60 
*Manure on Series 100 only. 
TABLE 8.-CROP YIELDS IN" SOIL EXPERIMENTS, RALEIGH FIELD, 1912 
YELLOW-GRAY SILT LOAM (TIMBER SOIL) 
(Yields per acre) 
Series . *100 *200 300 1 400 Value of four Value for each crops audition . 
Plot Treat- Oats, Corn, Wheat,! Cowpeas, Lower Higher Lower n 'i!?her 
No. ment b1t. bu. bu. . tons prices prices pnces pnces 
----- -
1 0 11.9 20.5 3.4 1.44 $22.97 $32.81 
2 *M 15.2 36.5 2.3 1.05 25.99 37.13 M $6.52 $9.32 
3 *ML 23.4 55.1 7.1 2.79 . 50.33 71.91 L 24.34 34.78 
4 *MLP 22.7 53.9 7.8 2.56 48.60 69.43 p -1.73 -2.48 
- 5 -0-- liT 20:4 ~ .93 19.00 27.14 - ------
6 R 12.8 29.9 2.8 Turned 16.00 22.87 R -3.00 -4.27 
7 RL 20.9 45.2 7.4 Turned 26.85 38.36 L 10.85 15.49 
8 RLP 23.0 55.1 9.9 Turned 32.65 46.65 p 5.80 8.29 
-9- RLPK 25.8 56.5 14.1 Tmned 36.87 52.67 1f 4.22 ([02 
10 0 8.1 25.2 4.7 No wt. 14.38 20.54 
*Manure on Series 200 for 1912. 
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These are the results from 1911 to 1914, after one season's crops 
had been grown to enable us to begin the application of manure and 
the turning under of some crop residues; and it should be clearly un-
derstood that the increasing benefit of limestone and phosphate is in 
part due to the increasing amounts of organic matter returned to 
those plots as compared with plots rec~iving residues or manure alone. 
Of course we may reasonably expect better results during the seccnd 
rotation of crops, iri part because of the cumulative effect of the phos-
phate and organic matter and in -part because the seasonal conditions 
TABLE 9.-CROP YIELDS IN SOIL EXPERIMENTS, RALEIGH FIELD, 1913. 
YELLOW-GRAY SILT LOAM (TIMBER SoiL) 
(Yields per acre) 
Series *100 *200 *300 400 Value of four Value for each 
crops addition 
--
Plot Treat- Clover, Oats, Corn, Wheat, Lower Hi~her Lower Higher 
No. ment tons bu. bu. bu. pnces pnces prices prices 
-- ---- -
1 0 .22 .6 5.7 6.2 $8.04 $11.49 
2 *M .23 2.0 12.9 4.2 9.62 13.75 M $2.98 $4.26 
3 *ML .72 3.1 17.2 20.7 26.41 37.74 L 16.79 23.99 
4 *MLP .68 3.0 17.1 23.8 28.24 40.35 p 1.83 2.61 
-5- -o-- · ~ ~ - ------No wt. 1.7 ---rr- ([4" 
6 R Turned 2.0 9.4 8.5 9.80 . 14.00 R 3.10 4.42 
7 RL Turned 4.4 17.5 29.8 28.21 40.31 L 18.41 26.31 
8 RLP Turned 5.2 17.9 32.9 30.75 43.93 p 2.54 3.62 
-9- RLPK Turned 7:2 -15.9 29.8 28.44 40.63 K -2.31 -3.30 
10 0 No wt. 2.7 7.4 4.7 6.63 9.48 
*Manure on Series 300 for 1913. 
T ABLE 10.-CROP YIELDS IN SOIL EXPERIMENTS, RALEIGH FIELD, 1914 
YELLOW-GRAY SILT LOAM (TIMBER SoiL) 
(Yields per acre) 
Series 100 200 300 400 Value of four Value for each 
crops addition 
- -
Plot Treat- Wheat, Soybeans, Oats, Corn, Lower Higher Lower Hi~her 
No. ment bu. tons(bu. ) bu. bu. prices p rices pnces pnees 
--
---
-- --
-
1 0 11.8 .28 2.5 7.6 $13 .58 $19.40 
2 M 10.9 .30 5.0 13.2 15.75 22.50 M $2.17 $3.10 
3 ML 27.5 .26 8.1 16.3 29.04 41.4!) L 13.29 18.99 
4 MLP · 26.8 .23 7.8 14.1 27.49 39.27 p -1.55 -2.22 
-5- - 0- - ~ --- ---(.7) 2.0 8:5 ~ 15.15 
6 R 9.2 (2.5) . 4.1 10.7 13.08 18.69 R 2.48 3.54 
7 RL 25.1 (2.5) 9.5 14.4 27.02 38.60 L 13.94 19.91 
8 RLP 27.2 (2.7) 11.2 16.4 29.80 42.58 p 2.78 3.98 
-9- RLPK ~ (1.8) 10.3 . 16.4 ~ 44.1~f K 1---r.osl:M 10 0 7.2 (.7) 5.0 4.6 8.54 12.20 
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will probably be better than those that have prevailed in southern 
Illinois during the last three years. 
The fact that soil treatment has more than doubled the crop val-
ues at Ewing and Raleigh during the four-year period is both signifi-
cant and encouraging. During the last two years the untreated land 
has averaged 4.5 bushels of wheat, while Plot 4 has averaged 21.1 bush-
els, and Plot 9, 28.2 bushels. The live-stock farmers, as well as those 
who are unable to feed their ·crops on the farm, should profit from the 
fact that in the live-stock system limestone produced three times as 
much increase as farm manure, and that the residue system with lime-
stone, phosphate, and kainit produced as large yields and is as perma- _ 
nent as the live-stock system with limestone, phosphate, and manure. 
PHOSPHORUS FERTILIZERS 
Some further discussion of the subject of phosphorus fertilizers 
seems appropriate at this time. In time of drouth, moisture may be 
· the limiting factor in plant growth, and under such conditions no 
amount of any kind of phosphorus can produce much effect. Thus, 
where steamed bone meal has been applied with crop residues on the 
Odin experiment field on the common prairie soil in Marion county, 
at· one and one-half times the expense for rock phosphate, the value 
of the increase, as an average of the last four years, has not been suf-
ficient to pay its cost; in fact, the bone meal has paid less per dollar 
invested than has the rock phosphate in the same system at Ewing 
and Raleigh. 
During the last four years there was one complete failure of wheat 
(in 1912) on the South Farm at the University o! Illinois, the wheat 
being winter-killed, even where phosphate was applied; but, as ~ an 
average of four tests each year during the other three years, rock 
phosphate increased the yield from 30.7 to 43.6 bushels per acre. 
Of course where nitrogen becomes the limiting element, additions 
of phosphorus may produce little or no benefit. It should be noted, 
too, that ground limestone, especially when applied liberally, tends to 
convert some of the natural soil phosphates of iron and aluminum 
into the more easily available phosphate of calcium, thus reducing the 
immediate need for applying phosphorus. 
In an address before the State Farmers' Institute at Centralia 
three years ago, I made the following statements concerning limestone, 
organic matter, and phosphorus: 
"For southern Illinois this is the order in which they should be med in the 
most economical methods: 
''First, apply 2 to 5 tons per acre of ground limestone. 
''Second, grow clover or cowpeas. 
"Third, apply 1000 to 2000 pounds per acre of very finely ground natural 
rock phosphate, to be plowed under with the clover or cowpeas, either directly or 
in the form of farm manure. 
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"In central and northern Illinois the same materials are needed, but there 
the limestone may take thin] place, while it is of first importance in this part of 
the state.'' 
Six years ago, I made the following statements in Circular 127 of 
the Illinois Experiment Station: 
"As to the value of non-acidulated finely-ground natural rock phosphate, I 
consider this as a material which gives great promise of extensive use in the econ-
omic and profitable improvement of poor soils and in the maintenance of large 
crop yields on good soils, especially in the states thruout the great Central 
West. It should be distinctly understood, however, that repeated experiments have 
shown that this material gives practically no immediate returns if used in the 
absence of decaying organic matter. On the other hand, when used in intimate 
connection with liberal amounts of farm manure or green manures or both, we 
have conclusive eviuence that it is one of the most economical and profitable forms 
of phosphorus, especially where · the crop returns for a series of years are to be 
taken into account. '' 
''On soil very deficient in . decaying organic matter I always advise the use of 
steamed bone meal or acid phosphate in preference to raw rock phosphate.'' 
I have also repeatedly called attention to the faet that, in the ab-
sence of abundance of decaying organic matter, kainit may be used in 
connection with rock phosphate to increase its availability. In Soil 
Report No. 1, issued in 1911, it is pointed out that when kainit was so 
used on the Fairfield experiment field on typical prairie soil of south-
ern Illinois, it paid for itself. At the present time, however, its cost 
is prohibitive on account of the European war. 
I cannot too strongly emphasize the statement that limestone and 
organic manures are of primary importance for southern Illinois. 
"It should never be forgotten, however, that phosphorus must also (at some 
time) be included and applied with the vegetable matter if a permanent system 
of soil improvement and preservation is to be adopted. . Wbile liberal use of lime-
stone and the return of the increased vegetable matter will make marked and 
profitable improvement in southern Illinois soils, yet the improvement will be tem-
porary unless phosphorus is also applied, because this element is present in the 
soil in small amount and it is removed in crops and sold from the farm not only 
in grain and hay, but also in bone, in meat, and in milk.1 · 
This statement I also made at Centralia three years ago. At that 
time I mentioned that the cost of steamed bone·meal had so advanced 
as to discourage its use. Altho this price has remained high, I am 
glad now to say that the cost of acid phosphate has been so reduced in 
recent years that I should advise it in preference to steamed bone meal 
where one wishes to make use of available phosphorus. 
Thus, if one desires to do more than use limestone and organic 
manures at the beginning, in order to hasten the increase of crop 
yields, he may use either acid phosphate, or ra\v phosphate and 
kainit, or acid phosphate and kainit; and with the decreasing price of 
acid phosphate, it may even be used in place of raw phosphate in_ per-
1Ill. Exp. Sta. Circ. 157. 
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manent systems of soil improvement. Unquestionably a pound of 
phosphorus is worth more in soluble acid phosphate than in the in-
soluble rock phosphate; and possibly one pound of soluble phosphorus 
is worth as much as two of the insoluble; but ~certainly the informa-
tion thus far secured from all trustworthy investigations does not 
justify paying four or five times as much for phosphorus in soluble 
form as it costs in fine-ground raw rock, if organic manures can be 
provided for its liberation in rational farm systems. Because of the 
low price per ton of rock phosphate, Illinois farmers almost invariably 
purchase it in carload lots, while the higher price for acid phosphate 
and its control by fertilizer agents have usually compelled its pur-
chase in smaller qua~tities by those who desired to use it. The prices 
which have actually prevailed in past years in southern Illinois have 
been from $6 to $7 a ton for rock phosphate and about $18 for acid 
phosphate. It should be remembered that one ton of raw phosphate 
and one ton of sulfuric acid make two tons of acid phosphate, so 
that, at these prices, a pound of phosphorus would cost the farmer 
five or six times as much in acid phosphate as in the fine-ground na-
tural -rock. 
Omo ExPERIMENTS WITH MANURE AND PHOSPHATES 
In a recent statement from Director Thorne regarding the long-
continued investigations of the Ohio Experiment Station with raw 
phosphate and acid phosphate, the estimated cost of raw phosphate 
has been increased to $10 per ton, while that of acid phosphate has · 
been reduced to $14 per ton. I have reported on different occasions 
the progress of these important Ohio investigations, and have noted 
that the yields were practically the same whether raw phosphate or 
acid phosphate was used; altho the method usually followed by the 
Ohio Station of computing the increase in yield showed greater profit 
per acre from acid phosphate, while, per dollar invested, greater re-
turns were shown from the use of raw phosphate. However, with raw 
phosphate at $10 and acid phosphate at $14 per ton,-the Ohio compu-
tations now show greater profit from acid phosphate than from rock 
phosphate, both per acre and per dollar invested. 
In reference to these experiments the following statements were 
made in Ohio Experiment Station Circular 104, published in 1910: 
''On Section C, Plots 1 and 11, which, it will be observed, are continuous, 
have regularly given yields so much larger than those of the other unmanured 
plot!'! of this section as to suggest the possibility that the land covered by these 
plots may have been at one time occupied by a fence-row, the tract lying near a 
barn, and for this reason it has been deemed best to calculate the increase on the 
general average of all the .unfertilized plots. By this method of calculation the 
average increase on Plots 2 and 3 combined (with raw phosphate) is found to 
be practically the same as on Plots 5 and 6 combined (with acid phosphate) but 
when the larger cost of the acid phosphate is deducted the net gain is a little 
greater on Plots 2 and 3. '' 
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In previous and subsequent years the Ohio Station has followed 
a different method of calculating the increase, which, together with 
the changes in cost of materials, has, in the opinion of Director 
Thorne, placed the acid phosphate in the lead, as stated above; but by 
his courtesy I am permitted to give the average actual yields secured 
in these experiments during the entire eighteen years, and also the 
aver~ges for the last three years, including 1914 (see Table 11). By 
this method of computation, the same as was used by the Ohio Sta-
tion in 1910, the average profits are slightly. larger from the raw 
phosphate, both for the eighteen years and for the last three years, 
even at Illinois prices for produce and 04io prices for the phosphates 
used. (For a more detailed discussion of these experiments see Illi-
nois Experiment Station Circular 130.) 
TABLE 11.-CROP YIELDS PER A CRE IN OHIO MANURE-PHOSPHATE 
EXPERIMENTS 
Treatment I I I I I 
Net gain for :phosphate Corn, Wheat, Hay, yalue of --=-=--·----=--=-------':.--
bu. bu. tons 3 crops From I From $1 3 acres 
Average of 18 Years: 1897 to 1914 
None ................ 34.7 11.6 1.37 $29.85 
Manure .............. 56.4 21.2 1.91 47.95 
Manure, roek phosphate 65.2 25.8 2.36 57.40 
Manure, acid phosphate 64.0 26.7 2 .. 34 57.47 
Average of 3 Years: 1912 to 1914 
None ................ 42.9 
Manure . . . . . . . . . . . . . . 65.5 
Manure, rock phosphate 78.9 
Manure, acid phosphate 74.0 
13.5 1.63 
22.4 2.31 
26.3 2.65 
29.3 2.67 
$35.87 1 
54.77 1 64.58 
65.10 
$7.85 $4.91 
7.28 3.25 
- $8.21 
8.09 
• $5.13 
3.61 
NoTE.-Rock phosphate applied cost $1.60 
applied cost $2.24 at $14 per ton. 
at $10 per ton ; acid phosphate 
INTERPRETATION OF EXPERIMENTS 
In conclusion, I beg to ask some consideration of the difficulties 
involved in the interpretation or discussion of the results of field ex-
periments in soil investigations. From the standpoint of the investi-
gator, it is most satisfactory to report only the actual data secured, 
stating the kinds and amounts of materials applied and the crop yields 
harvested; and then to leave every individual to figure for himself as 
to whether he can make use of the record of facts in the improvement 
of his own farm practice. On the other hand, the first question asked 
by most farmers and landowners is, ''Does it pay~'' thus almost com-
pelling the investigator to report some estimate of the cost and profit 
or loss. And of course similar estimates are commonly made in most 
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other lines of investment, such as construction work, mining, lumber-
ing, manufactures, and mercantile business. 
What is the cost of a ton of limestone spread on the land 1 With a 
price of 60 cents at the plant and 25 cerits freight for 50 miles, the 
cash expense is 85 cents a ton; and with the farm near the station, 
and the hauling and spreading done when men and teams have little 
else to do, one might· count $1 per ton as the total necessary expense; 
whereas, with a price of $1 at the plant, 75 cents freight for 150 miles, 
and $4 a day for a man and team to haul it five or six miles to the 
farm, the cost may easily reach $3 per ton. · 
What is the value of a bushel of wheat, a bushel of corn, or a ton 
of hay1 The ten-year ·average price for wheat in Illinois is 90 cents, 
but we sold for 75 last summer and are now offered $1.50. The Year 
Book of the United States Department of Agriculture reports 44 
cents a bushel as the average farm-price of corn in Illinois, on Decem-
ber 1, for the ten years 1903 to 1912; and 35 cents is probably not far 
from the average value of corn on the stalk. The ten-year average 
farm-price for No. 1 timothy hay is $10.84; but, for average farm hay 
lying in the swath, $7 is not below a reasonably safe value. 
We are commonly assured that future prices will average higher 
for all farm products. They will have to, if the farmers of the United 
States are to have adequate funds for investment in soil improvement; 
but past facts covering. a ten-year period are a safer guide than fu-
ture predictions, and there is grave danger that the United States of 
America may continue the policy recently condemned by the great 
railroad builder, James J. Hill, in the following words: 
"The farm is the basis of all industry, but for many years this country has 
made the mistake of unduly assisting manufacture, commerce, and other activities 
that center in cities, at the expense of the farm.'' 
Which is better-to tax the man who farms the land, or the man 
who owns the mortgage 1 
Which is better-to increase freights, or to reduce railroad ex-
penses until agriculture· can compete with commerce 1 
Which is better-to fix a minimum wage in the city to attract more 
people from the farms, · or to fix a minimum price for country wheat 
to feed our increasing population? · 
Which is· better-to build a Panama Canal for the world and oper-
ate it at a loss, or to rebuild the millions of acres of abandoned farms 
in .our older states 1 
Which is better-to erect more coast defenses and construct more 
warships with which to frighten or to fight other nations, or to--
''Stop building national warships and coast defenses and unite the national 
navies of the world into an international or world navy to be controlled by a rep-
resentative international commission or congress, and thus maintain world peace 
with world power; for not until the dawn .of the millennium can we hope for per-
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manent peace from sentiment and treaty. The union of all navies at the close of 
the present war into one international naval power for the preservation of per-
manent. international peace should be less difficult of achievement than was the 
union of the states into the United States at a time when battles were sometimes 
fought a month after peace was declared. Surely nations may trust f()r justice t o 
the wisdom and fairness of such a representative international congress, just as 
our states must trust our national Congress; and such a project should hasten the 
termination of the international war. ' '1 
When we take down our coast defenses and cease building war-
ships for destruction, we may thereby save a quarter-billion dollars a 
year, to be devoted so far as needed to agricultural investigation, in-
struction, extension, and demonstration; to the encouragement and· 
control of the production and transportation of limestone and ·phos-
phate, in order to insure the possible use of these basic materials where 
needed; and, if possible, to a sufficient control of markets and market-
ing to encourage production with reasonable profit, to discourage spec-
ulation in human foods, and to prevent unreasonable expense and ex-
cessive profits by those who stand between producer and consumer. 
If Illinois were to receive her "share" of this quarter-billion dol-
lars, it could adequately endow a school within easy reach of every 
home in this great state, for the purpose of teaching the oncoming 
generations not only how not to treat Illinois soils, but how most econ-
omically to make them permanently richer and more productive for 
the prosperity of all the people and to the honor of the commonwealth. 
1From an address by the author before the Annual Convention of the Amer-
ican Bankers Association, at Richmond, Virginia, October 15, 1914, previously 
suggested in a letter r dated August 5, 1914, addressed t o the Hon. William J . 
Bryan, Department of State, Washington, D. C. 
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ADDED NOTE 
On page 664 of the Breeder's Gazette of April 1, Mr. Henry G. 
Bell (Agronomist of the Middle West Soil Improvement Committee 
of the National Fertilizer Association) quotes a statement from my 
article in the Gazette of February 25, relating to fertilizer experi-
ments ''conducted by the Ohio Experiment Station at both Wooster 
and Strongsville,'' and he then makes the following comments: 
''This quotation purports to give in ~ssence the findings of the Ohio Station 
relative to the profit of using nitrogen, potassium and phosphorus . . . . . True, on 
the basis of the low figures for crops quoted neither the use of nitrogen alone, 
nor of potassium alone, paid, while phosphorus gave an excellent return. From 
this fact your correspondent concludes that the use of either nitrogen or potas-
sium in combination with phosphorus, or all of the three elements in combination, 
does not pay, which conclusion is absolutely at variance with Director Thorne's 
own statement as to the profit of the different methods of treatment, which quota-
tion follows: 
'' 'Every complete fertilizer has been used with a profit, since the first period, 
but when either nitrate of soda or muriate of potash has been used unaccom-
panied by some carrier of p~osphorus there has been a net loss in each period 
(except from the muriate of potash in the third period) and in the average of tlie 
20 years.' 
''Director Thorne's own figures on the plots to which a complete fertilizer 
was applied show that an average investment of $19.29 ($19.78) per acre for fer-
tiLizer gave a net profit of $12.97 ..... Your correspondent was correct so far as 
he quoted, but, as we have pointed out, a further examination of the table of tests 
quoted shows that the use of nitrogen, phosphoric acid and potash in combination 
paid handsomely at the Ohio Experiment Station.'' 
For the benefit of the reader who cares to do his own thinking, I 
am presenting in the accompanying tabular statement the results from 
all the pl9ts receiving corresponding commercial fertilizers in the five-
field rotations, representing averages of twenty years at Wooster and 
nineteen years at Strongsville. 
It will be seen that $2.60 invested in phosphorus paid a profit of 
$14.40, while $19.78 invested. in complete fertilizers paid a profit of 
$7.43, as an average of the results from the twelve plots. Mr. Bell 
states that ''the plots to which a complete fertilizer was applied show 
that an average investment of $19.29 for fertilizer gave a net profit 
of $12.97.'' During the last three or four years, Director Thorne has 
changed the fertilizer applied to Plot 27 so as to reduce the expense 
from $23.50 to $17.60, and with this change the present ·average cost 
of complete fertilizers for the twelve plots is $19.29, as Mr. Bell re-
ports; but in computing the average profit for the entire period, Di-
rector Thorne still continues to deduct $23.50 instead of $17.60 as the 
annual cost for this plot. 
The "net profit of $12.97," mentioned by Mr. Bell, is not the gen-
eral average from both Wooster and Strongsville, but only the aver-
age from the twelve plots at Wooster where complete fertilizers were 
used. Of course the average of both series of experiments, showing 
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$7 43 profit from an Investment of $19 78, is far more trustworthy as 
a basis for advising farmers what they may expect from the use of 
such complete fertilizers; but even if we ignore the Strongsville data 
and consider only the $12.97 mentioned by Mr. Bell, we may well in-
quire why a farmer ,should invest $19.78 in complete fertilizer in the 
hope of getting a profit of $12.97 when the same "table of tests" 
(page 79 of Ohio Experiment Station Circular 144) shows that $2.60 
invested in phosphorus alone gave a profit of $13.92. Why should the 
farmer reduce his profit by 95· cents by spending $17.18 for nitrogen 
and potassium 1 
FERTILIZER EXPERIMENTS BY OHIO EXPERIMENT STATION 
WITH FIVE-FIELD ROTATION, CORN, OATS, WHEAT, CLOVER, AND TIMOTHY 
per year for 5 years from 5 acres ( 5 crops) Annua! 
Average 
profit 
Fertilizing elements Average value of increase I 
Plot . cost of 
N Nitro· Phos- J Potas- 20-year 
19
·yeatr Ia 1 ferti- From From o. . aver. a enera 1. f . gen, phorus, smm, aver. at S 1zers 01 
lb lb 
I 
lb W t trongs- average 5 acres 5 acres $1 s. s. s. oos er ville 
-- --- ------ ---
2 . . 20 I . . . $16.52 $17.48 $17.00 $ 2.60 $14.40 $5.54 
3 . . . . 108 5.73 -.17 2.78 6.50 Loss Loss 
5 76 . . . . . 8.37 1.77 5.07 14.40 Loss Loss 
-6- - i6- - 20- . . . 31.34 21.48 26.41 17.00- 9Al ~ 
8 . . 20 108 24.69 18.87 21.78 9.10 12.68 1.39 
9 76 . . 108 11.07 4.76 7.92 20.90 Loss Loss 
11 - 76- _2_0_ ----ws- 39.28 23.71 31.50 23.50 8.00 - .34 . 
26 76 20 108 32.37 22.85 27.61 23.50 4.11 .17 
27 76 20 108 33.42 19.71 26.57 23.50 3.07 .13 
29 76 20 108 33.42 23.12 28.27 23.50 4.77 .20 
17 38 
21 38 
23 38 
24 38 
30 38 
12 112 
14 50 
15 25 
30 
30 
30 
30 
108 
108 
108 
108 
30 108 
20 108 
15 74 
10 1 41 
Average of last twelve plots 
35.23 
33.50 
31.75 
31.91 
23.21 
21.20 
21.80 
22.21 
29.22 
27.35 
26.78 
27.06 
17.60 
17.60 
17.60 
17.60 
11.62 .66 
9.75 .5G 
9.18 .52 
9.46 .54 
30.40 27.99 29.20 17.60 11.60 .66 
39.98 24.72 32.35 30.70 1.65 .05 
30.14 18.44 24.29 16.05 8.24 .51 
21.66 11.10 16.38 8.60 7.78 .90 
$32.75- $21~67- $27.21 $19.78 $ 7.43 $-~is-
NoTE.-The increase produced by fertilizers , as it stands in the field ready 
for the harvest, is valued at 40 cents a bushel for corn, 30 cents for oats, 80 cents 
for wheat, $8 a ton for hay, $3 for corn stalks, and $2 for straw. 
A still more trustworthy basis of comparison is between Plot 2 
and the average of Plots 11, 26, 27, and 29, which shows that $2.60 
invested in phosphorus gave $16.52 increase in the crop values, while 
$20.90 invested in nitrogen and potassium (applied in addition to the 
phosphorus) produced an additional grcss increase valued at only 
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$18.10, thus sho.wing $2.80 net loss from the investment in nitrogen 
and potassium, even when used in combination with phosphorus. 
The statement that the use of ''all of the three elements in com-
bination does not pay" is incorrectly credited to me by Mr. Bell. I 
am in full accord with the statement which he quotes from Director 
Thorne; and in my article of February 25 I made the following state· 
ment concerning the use of complete fertilizers . for the common grain 
and forage crops on normal soils: 
'c Such fertilizers are not likely to yield even a temporary profit, excepting 
on soils where phosphorus is the limiting element, and in this case the phosphorus 
may yield a sufficient profit to pay for the loss from the use of. commercial nitro· 
gen and potassium.'' 
Thus, in these Ohio Experiments, as a general average of results 
from Wooster and Strongsville, the profit of $14.40 from phosphorus 
alone was not entirely wiped out in paying for the loss on nitrogen 
and potassium, but it was reduced to $7.43 ; and the profit per dollar 
invested was reduced from $5.54 with phosphorus alone to only 38 
cents as a:ri. average of the twelve plots on which complete fertilizers 
were used . . 
Mr. Bell's statement that ''the use of nitrogen, phosphoriG acid 
and potash in combination paid handsomely at the Ohio Experiment 
Station'' may be true from his viewpoint; but from the viewpoint of a 
farmer with limited capital the matter presents a different aspect, the 
more especially, when, by reference to "the first period" (mentioned 
by Director Thorne in the above quotation from Mr. Bell's article), 
we find by "a further examination of the table of tests," that during 
the first five years of the Ohio experiments, these complete fertilizers 
paid as an average a profit of only 8 percent at Wooster and 1 percent 
at Strongsville. 
The man who desires to use both head and hands in the business 
of farming may well preserve and study the information afforded by 
the table of results presented herewith. The footnote gives the values 
assigned to the farm produce. .Are they high enough for the increase 
of crops standing in the field~ At the prices used by Director Thorne 
for the three elements (see Plots 2, 3, and 5), a 2-8-2 fertilizer would 
cost only $17.45 per ton. Can the reader purchase locally for less 
money~ 
As a general average of the twelve plots, the complete fertilizers 
supplied less nitrogen, less phosphorus, and less potassium than was 
removed in the crops harvested. The average acre-yields at Wooster 
where $19.78 worth of fertilizer was used were 45 bushels of corn, 45 
of oats, 24 of wheat, 11j2 tons of clover, and 1% tons of timothy. 
From a study of the table, the effect of each element may be found 
under four different conditions. Thus $2:60 in phosphorus alone paid 
back $17, but where used in addition to potassium, the $2.60 invested 
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in phosphorus paid back $19 (compare Plots 2 and 8). Where used 
in addition to nitrogen, the $2.60 in phosphorus returned $21.34 (see 
Plots 5 and 6); and where applied with both nitrogen and potassium, 
the $2.60 spent for phosphorus paid back $20.57 (compare Plot 9 with 
the average of Plots 11, 26, 27, and 29). 
Soluble phosphorus on Plots 11 and 27 produced about the same 
average results as bone meal on Plot 26 and slag phosphate on Plot 
29. Likewise the nitrogen produced about the same effect whether 
applied in sodium nitrate (17), in oil meal (21), in dried blood (23), 
in ammonium sulfate (24), or in tankage (30). 
With a decrease of nitrogen (from 76 to 38 pounds) and an in-
crease of phosphorus (from 20 to 30 pounds), the profit was increased, 
but with an increase of nitrogen (Plot 12) the profit was decreased. 
Nitrogen and potassium produced some increase in yield, and this the 
farmer should secure, not by buying those elements at a loss, but by 
securing more nitrogen from the inexhaustible supply in the air thru 
a larger use of legumes (with limestone if needed), and by liberating 
potassium from the inexhaustible supply in the corn-belt soils by 
means of decaying organic manures. 
The information reported in this tabular statement is based upon 
the actual weights from about five thousand harvested crops from 
measured a"reas of land, and the established facts thus recorded should 
help to put the agriculture of the Middle West on a permanent and 
more profitable basis. 
MATERIALS FOR SOIL IMPROVEMENT 
NATURAL RocK PHOSPHAT~ 
Fine-ground raw rock phosphate, containing from IO to 14 percent of 
phosphorus, can be obtained from the following companies, delivered in 
bulk on board cars at the mines in Tennessee for $2.50 to $5 per ton, 
the price varying with the quality~ The freight rate from Tennessee per 
ton of 2000 pounds in carload lots varies from $2.50 to points in southern 
Illinois, to $3.58 to northern Illinois points. Of course, these addresses 
are given solely as a matter of information, and the Experiment Station 
makes no recommendations or guarantees as to reliability. 
Mt. Pleasant Fertilizer Co., Mt. Pleasant, Tenn. 
Robin Jones Phosphate Co., Nashville, Tenn. 
Natural Phosphate Co., Nashville, Tenn. 
Farmers Ground Rock Phosphate Co., Mt. Pleasant, Tenn. 
Ruhm Phosphate Mining Co., Mt. Pl_easant, Tenn. 
Blue Grass Phosphate Co., Mt. Pleasant, Tenn. 
Southern Lime & Phosphate Co., Birmingham, Ala. 
Federal Chemical Co., Columbia, Tenn. 
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Central Phosphate Co., Mt. Pleasant, Tenn. 
Ceritral Kentucky Phosphate Co., Wallact , Ky. 
American Fertilizer Co., Santa Fe, Tenn. 
It should be borne in mind that rock phosphate varies much in quality. 
Consequently, it should always be purchased upon a guaranteed analysis, 
and it is advisable for the purchaser to take an average sample of the car-
load when received and have it analyzed both for phosphorus and for fine-
ness, even tho the analysis cost him $2 or $3. To collect an average sample, 
take a small teaspoonful from about fifty different places in the car, not 
only from the surface but also from different depths. These fifty spoonfuls 
well mixed together will make a trustworthy sample, and about one pound 
of this should be sent to some commercial chemist for analysis. 
If I20-percent rock, containing 250 pounds of phosphorus per ton, costs 
$7.50 (including freight), then IO-percent rock, containing 200 pounds of 
the element per ton, is worth $6, a difference in value of $1.50 per ton, 
which, on a 30-ton car, amounts to $45. 
The important 'phosphorus compound in rock phosphate is calcium phos-
phate, Ca3 (P04 ) 2• The perc~ntage of this compound in the rock phos-
phate marks the purity of the rock. Thus, if the rock phosphate contains 
6o percent of calcium phosphate, it is 6o percent pure, with 40 percent of 
impurities. 
Sometimes the guarantee is given as "phosphoric acid," meaning phos-
phoric oxid, P 20 5 • This also is a definite compound and always contains 
43% percent of the element phosphorus. Thus it will be seen that the 
same sample of rock phosphate may be guaranteed to contain 62 percent oi 
calcium phosphate, Ca3 (P04 ) 2 , or 28.4percent of "phosphoric acid" (P 20 5 ) , 
or 12-4 percent of phosphorus (P). 
Raw rock phosphate should be very finely ground, so that at least 90 
percent of the material ca~ be washed thru a sieve with IOO meshes to the 
linear inch, or with IO,ooo meshes to the square inch. Of course anyone 
can test for fineness by sifting ten ounces and then drying and weighing 
what will not wash thru the sieve. 
As a rule, it is more satisfactory to purchase in bulk rather than in 
bags (see page I 5 of Circular I I o). 
BoNE MEAL 
A good grade of steamed bone meal (about I20 percent phosphorus) 
can be obtained delivered in Illinois for $25 to $30 a ton, from the local 
agents of Morris & Co., Swift & Co., Armour & Co., the American Glue 
Co., or the American Fertilizer Co., Chicago, Ill., or from the Empire Car-
bon Works, National Stock Yards, East St. Louis, Ill. 
PoTASSIUM SALTS 
Potassium chlorid (so-called "muriate of potash"), containing about 42 
percent of potassium, can be obtained for about $45 a ton froin Armour & 
Co., Swift & Co., or Darling & Co., Union Stock Yards, Chicago, Ill., from 
the German Kali Works or the Nitrate Agencies Co., Chicago, Ill., from 
A. Smith & Bro., Tampico, Ill., or from the American Agricultural Chemi-
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cal Co., New York, N. Y.; and kainit, containing about 10 percent of 
potassium, together with some magnesium sulfate, magnesium chlorid, and 
sodium chlorid, can also be obtained from Armour & Co., Darling & Co., 
Swift & Co., Hirsch, Stein & Co., the Chicago Fertilizer Works, or the 
German Kali Works, Chicago, Ill., for ab9ut $13 a ton. 
GROUND LIM~STON~ 
Ground limestone can now be obtained at 6o cents a ton ($1 in bags, 
to be returned at purchaser's expense and .risk) from the Southern Illinois 
Penitentiary, Menard, Ill., and at different prices from the following com-
panies: 
Casper Stolle Quarry & Contracting Co., East St. Louis, Ill. (Quarry 
at Stolle, Ill.) 
Southwestern Contracting & Engineering Co., East St. Louis, Ill. 
~llis Bros., Elsberry, 1\tro. 
Carthage Superior Limestone Co., Carthage, Mo. 
Mitchell Lime Co., Mitchell, Ind. 
John Armstrong Lime & Quarry Co., Alton, Ill. 
Lehigh Stone Co., Kankakee, Ill. 
Elmhurst-Chicago Stone Co., Elmhurst, Ill. 
East St. Louis Stone Co., East St. Louis, Ill. 
Columbia Quarry C0., St. Louis, Mo. (Quarry at Columbia, Ill.) 
McLaughlin-Mateer Co., Kankakee, Ill. 
Lockyer Quarry Co., Alton, Ill. 
Western Whiting & Mfg. Co., Elsah, Ill. 
Eldred Stone Co., Eldred, Ill. 
Marblehead Lime Co., Masonic Temple, Chicago, Ill. (Quarries at 
Quincy, Ill.) 
United States .Crushed Stone Co., 108 S. LaSalle St., Chicago, Ill. 
Dolese & Shepard Co., 108 S. LaSalle St., Chicago, Ill. 
Fruitgrowers' Refrigerating & •Power Co., Anna, Ill. 
Biggsville Crushed Stone Co., Biggsville, Ill. 
Hart & Page, Rockford, Ill. 
McManus & Tucker, Keokuk, Iowa. 
Moline Stone Co., Moline, Ill. 
John Markman, Gladstone, Ill. 
Superior Stone Co., 218 Hearst Bldg., Chicago, Ill. 
Brownell Improvement Co., 1220 Chamber of Commerce, Chicago, Ill. 
Dolese Bros. Co., 10 S. LaSalle St., Chicago, Ill. 
Ohio & Indiana _Stone Co., Indianapolis, Ind. (Quarry at Greencastle, 
Ind.) 
C. F. Gill & Co., 6709 Lakewood Av., Chicago. Ill. (Quarry at Joliet, 
Ill.) 
Riverside Lime & Stone Co., 131 W. 63d St., Chicago, Ill. 
Carrico Stone Co., Rockford, Ill. 
Logansport Stone & Construction Co., Huntington, Ind. 
Some of these companies furnish fine-ground limestone and some fur-
nish limestone screenings, which include both very fine dust and some 
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coarse particles even as large as corn kernels. In carload lots the price on 
board cars at the plant varies from 50 cents to $I a ton according to fine-
ness. The freight charges are one-half cent per ton per mile, with a mini-
mum charge of 25 cents per ton by each railroad handling the car, and 
with a minimum carload of 30 tons. At most poipts in Illinois the cost de-
livered in bulk in box cars -should be between $r a~d $2 a ton. Sometimes 
one can get one and one-half tons of material containing one ton of fine 
dust and half a ton of coarser particles, varying in size from less than pin-
heads to corn kernels, at no greater expense than would be required for 
one ton of fine-ground stone containing no coarser particles. The coarser 
particles will last in the soil longer than the finer material, which is rapidly 
lost by leaching; and a product that will all pass thru a sieve with 8 or 
Io meshes to the linear inch, and that contains all the fine dust produced in 
the process of crushing or grinding is very satisfactory. 
MACHINE:S FOR GRINDING LI MESTONE 
Portable machines for crushing and grinding limestone, using thresh-
ing engines for power, can be obtained from-
Williams Patent Crusher & Pulverizer Co., St. Louis, Mo. 
Universal Crusher Co., Cedar Rapids, Iowa. 
Pennsylvania Crusher Co.:, Pittsburgh, Pa. 
Wheeling Mold & Foundry Co., Wheeling, W. Va. 
Jeffrey Manufacturing Co., Columbus, Ohio. 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
Gardner Crusher Co., Cleveland, Ohio. 
Power & Mining Machinery Co., Cudahy, Wis. 
MACHINE: FOR SPRE:ADING LrME:STONE: AND PHOSPHAT~ 
Directions for making a machine for spreading ground limestone and 
ground rock phosphate are given in Circular no, which will be sent to 
anyone upon request. This is a homema.de machine, ~arried on the wheels 
of an old m?wer, and it can be made by any good blacksmith and car-
penter. 
There is no regular manufactured machine· on the market that has given 
as satisfactory service in our experience as these homemade machines. 
They are made upon order by many blacksmiths in different parts of the 
state, and are usually kypt in stock by the following makers: 
George Kubacki, DuBois, Ill. 
Pana Enterprise Manufacturing Co., Pana, Ill. 
